The high genetic diversity found among the PorA regions VR1 and VR2 of 101 Neisseria meningitidis isolates from patients with meningococcal disease and healthy carriers in Brazil contrasts with the stability found in the PorA VR3 of these isolates. The presence of VR3 epitope variant 35 or 36 on the surfaces of 87% of the strains analyzed suggests that these antigens should be considered for inclusion in new formulations of vaccines against serogroup B meningococci in Brazil.
The high genetic diversity found among the PorA regions VR1 and VR2 of 101 Neisseria meningitidis isolates from patients with meningococcal disease and healthy carriers in Brazil contrasts with the stability found in the PorA VR3 of these isolates. The presence of VR3 epitope variant 35 or 36 on the surfaces of 87% of the strains analyzed suggests that these antigens should be considered for inclusion in new formulations of vaccines against serogroup B meningococci in Brazil.
Effective vaccines against the diverse group of heterologous Neisseria meningitidis serogroup B strains remain under development. Formulations using different outer membrane proteins (OMP), including vaccines containing multiple PorA variants expressed by genetically engineered meningococci, have been proposed previously (18) . However, the interstrain variability of surface-exposed proteins has restricted the protective efficacy of these vaccines to a limited number of antigenically related strains. The inclusion of several OMP, including variants of surface-exposed proteins, in new vaccine formulations to induce a broader immune response has been suggested previously (23) . The class 1 transmembrane protein PorA has been one of the most commonly used targets in vaccine trials with serogroup B meningococci derived from locally prevalent epidemic strains in several countries (2, 3, 4, 9, 12, 13, 17, 21) . The PorA surface-exposed loops containing variable regions 1 and 2, named VR1 (loop I) and VR2 (loop IV), are used for the determination of meningococcal subtypes (24) . According to the PorA sequence database (http://neisseria.org/nm/), the level of amino acid sequence variation among VR1 and VR2 is considerably high; these regions correspond to 11 and 18 sequence families, respectively, each with a large number of genetic variants, for a total of 148 variants of VR1 and 389 of VR2 identified to date. Because of the high level of heterogeneity found in these regions, the PorA vaccines show a narrow range of specificity for N. meningitidis strains. A third variable region, designated VR3, is present on the top of loop V (24) . The genetic variability of this region has also been studied previously (1, 6, 7, 10, 14, 19) , and research has revealed a lower level of genetic variability than that found within VR1 and VR2. One potential explanation is that loop V, where VR3 is located, is slightly shorter than loops I and IV, where VR1 and VR2 are located. For this reason, the VR3 is less exposed to the immune system and therefore subjected to less selection pressure; however, the production of bactericidal antibodies to loop V of PorA after immunization with synthetic peptides has been described previously (5, 15) .
In this study, we considered the deduced amino acid sequences of VR1, VR2, and VR3 of 78 strains collected from patients with invasive disease reported through the Brazilian meningitis disease surveillance system and diagnosed in different geographic regions of the country from 1999 to 2004 and those of 23 strains isolated from a cluster of healthy carriers associated with a single index case of invasive disease in the Amazonas state in 2002. Among the strains included in this study, 86 belonged to serogroup B and 15 belonged to serogroup C (Table 1 ). All the strains isolated from carriers belonged to serogroup B. VR1 and VR2 of the same set of invasive strains described here were analyzed in a recent study (8) . In the present study, we analyzed the VR3 of this set of invasive strains and VR1, VR2, and VR3 of the 23 carrier strains.
The amplification of the porA gene was performed using a set of primers described previously (11, 14, 20) . To assign variable region sequences to families and variants, deduced amino acid sequences of VR1 and VR2 were submitted to the N. meningitidis PorA variable regions database (http://neisseria .org/nm/typing/pora). The VR3 variants were classified according to the sequences described by Clarke et al. (7) .
Overall, 87.1% of the strains (88% of the invasive strains and 82% of the carrier strains) analyzed had one of two VR3 variants (Table 2 ). In contrast, 8 VR1 and 12 VR2 families corresponding to these strains had been identified. Of the seven VR3 families (designated 35 to 41) described to date, only four (35, 36, 37, and 38) were found among these Brazilian isolates. The most common VR3 family was 36, with 54 strains (53.4%) belonging to this family. The remaining strains were grouped into VR3 families 35 (34 strains; 36.6%), 37 (5 strains; 4.9%), and 38 (8 strains; 7.9%). The great majority of isolates (87.1%) belonged to VR3 family 35 or 36 ( Table 1) . The lower genetic diversity among VR3 than among VR1 and VR2 in strains from carriers as well as patients suggests that this epitope is actually under less selection pressure. This finding confirms the higher stability of VR3 than of VR1 and VR2, which can be explained in part by the possibly lower level of VR3 loop exposure to the extracellular environment, allowing VR3 to evade selection pressure from the host immune system.
Our finding also suggests the existence of two specific genosubtypes each corresponding exclusively to invasive (P1.19,15,36) or carrier (P1.12-5,1,35-1) strains. The population of carriers from which these strains were isolated is not directly comparable to the population from which the invasive disease strains were collected, however, in that the invasive strains were isolated in states throughout Brazil whereas the carriers were all contacts associated with a single index case in the state of Amazonas. For this reason, further studies with invasive disease patients and carriers from the same outbreak will be needed.
Among the isolates, 32 potential antigenic profiles based on the combinations of VR1, VR2, and VR3 were found ( Table  1 ). The three most common profiles were P1.19,15,36, P1.12-5,1,35-1, and P1.7-1,1,35-1 (Table 1) . These three profiles represent 58.7% of the strains analyzed. Among the carrier strains, we found three new VR1 and two new VR2 variants. Finally, a number of strains (n ϭ 7) would have appeared to be identical if VR3 typing had not been performed. The antigenic potential of these profiles has to be determined further.
Several OMP vaccines are used worldwide but show low levels of functional antibody cross-reactivity (22) . The wide range of antigenic diversity within VR1 and VR2 has been demonstrated by the emergence of many variants of these two regions. Interestingly and in agreement with results of other studies, we found that among the 101 strains presenting previously described VR3 variants, there were 8 different VR1 families, 12 different VR2 families, and only 4 different VR3 families. Most of the strains with the Cuban vaccine-related genosubtype P1.19,15 presented VR3 family 36, but interestingly, two variants of this antigenic region in these strains were observed, which is probably a consequence of the exposition and selection of this epitope.
Finally, we believe that the inclusion of VR3 families 35 and 36 in new vaccines against serogroup B and C meningococcal strains isolated in Brazil would provide protection against more than of 80% of the genosubtypes found among carriers and invasive disease patients in Brazil. It has been indicated previously that VR1 and VR2 are immunodominant over other PorA loops, but they also show a higher level of genetic diversity, and thus, a vaccine containing a stable epitope such as VR3 may show a higher degree of efficacy against a wider number of strains. For this reason, it would be advisable to study new vaccine formulations using synthetic peptides 35 and 36 of VR3, since the potential of synthetic peptide immunogens to induce a protective immune response against serogroup B meningococci has already been established (5, 15, 16) . Additionally, the present study shows the importance of maintaining a surveillance of the PorA variable regions to rapidly and accurately detect the emergence of genetic variations among circulating strains.
Nucleotide sequence accession numbers. The GenBank accession numbers for porA sequences reported here are DQ094010 to DQ094082 and DQ177161 to DQ177183. 
